Sex-differences in symptoms, disability, and life satisfaction three years after mild traumatic brain injury: a population-based cohort study. Medicine, 45(8) Results: Post-concussion syndrome was found in 50% of the women and 30% of the men. Disability was found in 52% of the women and 37% of the men, and 57% of the women and 56% of the men were satisfied with their lives. For both genders, high frequency of symptoms was a risk factor for disability and low life satisfaction. Back pain was a risk factor for disability. Living alone was a risk factor for low levels of life satisfaction. The principal component analysis revealed differences between the sexes. Conclusion: There are sex differences in outcome 3 years after mild traumatic brain injury. Women and men should be analysed separately.
INTRODUCTION

Traumatic brain injury (TBI) is defined as "an alteration in
brain function, or other evidence of brain pathology, caused by an external force" (1) . The incidence of TBI in Europe has been found to vary between 91/100,000/year and 546/100,000/ year (2) . In addition to these cases of TBI registered at hospitals, 30-40% of persons who sustain an MTBI do not seek medical care (3) .
Approximately 90% of treated TBI are mild (MTBI) (2) . The definition of MTBI varies in different studies, but often includes patients presenting at the emergency department (ED) with a Glasgow Coma Scale score (GCS) (4) of 13-15 and/ or a history of loss of consciousness (LOC) not exceeding 30 min and/or a history of post-traumatic amnesia (PTA) not exceeding 24 h (5).
The literature on consequences following MTBI is extensive. Patient symptoms are often divided into 3 subgroups: physical, cognitive or behavioural/emotional (5). Carroll et al. conducted a systematic review of the prognosis for MTBI, and concluded that symptoms and cognitive deficits are common immediately following MTBI, but most often resolve within 3-12 months (6). There is, however, a significant minority of patients whose symptoms persist. In hospital-based cohort studies with followup extending over a 1-year period symptoms or disabilities are found in approximately 10-50% of cases (7) (8) (9) .
Men are at higher risk than women of sustaining a TBI (9) . Sex differences in outcome following MTBI have been addressed in a number of studies, of which some found women to have an unfavourable outcome compared with men (10, 11) . The evidence, however, is limited and some studies on cognitive symptoms found no difference between women and men, or even found men to have a worse outcome (12, 13) . A lack of age matching and other baseline data between women and men, as well as the possibility that women and men report subjective symptoms differently have been known to bias the research of TBI gender studies (14) .
The point prevalence of low back pain varies between 12% and 33% in the general population, and pain can confound results from studies of MTBI outcome because pain correlates with cognitive difficulties (15, 16) . Zhang et al. (17) recently included neck/shoulder pain and low back pain in a regression analysis of factors contributing to poor perceived general health 6 weeks after MTBI, and found that presence of neck/shoulder pain and low back pain were associated with worse outcome.
Few studies have addressed long-term sex-related outcome after MTBI. The aim of this study was therefore to analyse symptoms, structure of symptoms, disability, and life satisfaction from this perspective in our hospital-based MTBI cohort 3 years after injury. Secondary aims were to investigate the frequency of neck, thoracic and lumbar back pain among the patients, and to find risk factors for adverse outcome of disability and life satisfaction.
MATERIAL AND METHODS
Participants and setting
Umeå is a mid-sized Swedish city located approximately 400 km south of the Arctic Circle. The city has only one hospital, serving a defined population of 137,000 inhabitants (2001 census). The distance to the next nearest hospital is 110 km. The study cohort originates from prospectively collected data in the Umeå University Hospital's (UUH) injury register from 2001. This ED-based register describes all injuries that necessitate inpatient or outpatient treatment at the hospital. An extraction of data from the register was conducted in 2003. The data was re-evaluated and additional data added by retrospective analysis of medical records.
Inclusion criteria
In 2001, 485 patients with TBI were included in the injury register, 214 of whom met the inclusion criteria for the current study, listed below:
• injury event within the primary catchment area of UUH;
• arrival at the ED within 24 h after the injury event;
• presence of TBI, defined as a brain trauma causing any degree of disturbed consciousness (e.g. LOC, disorientation), PTA, neurological deficit, severe headache, nausea, or vomiting; • GCS assessed as 13-15 at the ED;
• age 18-64 years at the time of follow-up (working age population).
Follow-up
Of the 214 MTBI patients, 200 could be contacted, as shown in Fig. 1 . In 2004 they were sent a set of postal questionnaires; a mean of 3 years and 3 months after the injury incident. Non-responders were contacted by telephone and reminded to complete the questionnaires. A total of 163 persons (81%) responded and were further analysed. Data on sex, age, type of injury event, presence of alcohol inebriation at the time of the injury, PTA, LOC, and presence of intracranial bleeding (ICB) were tested for differences in mean values between responders and non-responders.
Severity classification
Our definition of MTBI falls within the American Congress of Rehabilitation Medicines definition of MTBI, with some exceptions (5). We did not, at the time of the primary data analysis in 2003, exclude patients with LOC exceeding 30 min or PTA exceeding 24 h from the MTBI group, because data on LOC and PTA could not be determined in approximately 40% of the patients. When answering the questionnaires in 2004, the patients responded to questions about the length of LOC and PTA. Five of the patients with GCS 13-15 at arrival claimed that the length of LOC had exceeded 30 min, and 3 of the patients stated that PTA had lasted for more than 24 h. These 8 patients are included in the study even though they could have been classified as moderate TBI in retrospect.
Definition of post-concussion syndrome
We used the definition of post-concussion syndrome (PCS) given by the International Classification of Diseases -10 th revision (ICD-10) (18) . Hence 3 of the following symptoms (score 2-4) on the Rivermead Post-Concussion Symptoms Questionnaire (RPQ) were required: headache, dizziness, fatigue, poor memory, poor concentration, irritability, or sleep disturbance.
Statistical analysis
All data were analysed using SPSS 19 d) and U-tests (r) (r = z / √n). Statistical significance was set at p < 0.05. A principal component analysis (PCA) was performed to explore patterns in the RPQ data for women and men, respectively. Scree tests were used to determine the number of components to be included. These components also had eigenvalues > 1. No rotation was used. We investigated how to interpret the first 2 components by plotting the female component scores on the x-axis and the male component scores on the y-axis. We also graphically explored the relationship between the components and the presence of PCS, presence of disability and low levels of life satisfaction. To do this, we extracted the component scores and plotted them on scatterplots, coloured for the outcome measures. Finally, the component scores were included in multiple logistic regressions. These regressions were conducted to analyse the relationship between the dependent factors Rivermead Head Injury Follow-Up Questionnaire (RHFUQ) (presence of any disability) and life satisfaction checklist (LiSat-11) (< />median) vs some independent demographic and injury-related factors, along with the mean values of back pain and the RPQ component scores for each component. The tested demographic and injury-related risk factors were: age ≥ 40 years, traffic injury, presence of amnesia, presence of LOC, presence of ICB, living alone, unemployment, less than university-level education, TBI before 2001, TBI after 2001, and on-going insurance claim. An initial screening was conducted with χ 2 tests and Mann-Whitney U tests, thereby ruling out risk factors with a p-value > 0.3. All remaining risk factors were included in the regression models and the models were subsequently simplified by the exclusion of risk factors with a p-value > 0.1. Nagelkerke R 2 was used as a measure of goodness of fit for the models.
Follow-up instruments
RPQ. The RPQ is a frequently used questionnaire consisting of 16 symptoms commonly exhibited after MTBI (19) . The patient is asked to rate symptoms exhibited during the last 24 h on a scale from 0 to 4, where 0 means no experience of the symptom, and 4 means that the Those who met the inclusion criteria n=449
Elderly persons aged 65 years at follow up n=75
Children aged 3-17 years at follow up n=147
Adults aged 18-64 at follow up n=227 (GCS 3-12, n= 13) (GCS 13-15, n=214) Follow up questionnaire sent to 213 persons Non eligible subjects: 1 person injured twice only received one questionnaire 10 persons without address 3 deceased persons
Non responders n=43
GCS 3-12 n=6
GCS 13-15 n=37
Responders n=170 GCS 3-12 n=7
GCS 13-15 n=163
Main study cohort symptom is a severe problem. The answers were dichotomized into 0-1 = no symptom experienced or 2-4 = symptom experienced. We added 3 questions regarding symptoms of back pain: During the last 24 h did you experience: 1, neck/cervical pain; 2, thoracic pain; or 3, lumbar pain? The total score from all 3 types of back pain is referred to as "back pain score".
RHFUQ.
The RHFUQ is an instrument aimed at describing outcome of mild to moderate TBI in terms of disability (20) . The 10 items cover social and domestic activities, work, and relations with friends and family. The participants are asked to rate changes in their abilities compared with prior to the injury. The answers range from 0 = no change to 4 = a very marked change. The RHFUQ was dichotomized into 0 = no disability and 1-4 = presence of disability.
LiSat-11. Life satisfaction was assessed using the LiSat-11 (21) . The instrument uses a 6-grade scale (from 1 = very dissatisfying to 6 = very satisfying). The LiSat-11 scale was dichotomized into satisfied (5-6) or dissatisfied (1-4).
Reference populations
The RPQ answers were compared with a 2007 reference group consisting of 461 18-64-year-old consecutive blood donors at the Blood Centre of UUH (the only blood donor site in the area) (Nilsson Sojka & Sojka, unpublished, anonymously collected data). The LiSat-11 reference population comprised 2,533 Swedes, aged 18-64 years, who answered the questionnaire in 1996 (21) .
Ethics
The regional ethics committee approved the study (04-097M).
RESULTS
Characteristics of the patients, non-responders and reference groups
Some demographic and injury-related characteristics are shown in Table I . There were no significant differences between women and men, except that men more often had presence of LOC and were less often university-educated. No significant differences in proportions were found between responders and non-responders, with the exceptions that alcohol inebriation at the time of the injury was more common among the non-responders, and LOC was more common among the responders. There was no significant difference in sex distribution between the RPQ reference population and the study population. The references were older than the study population: median 35 years (IQR 24) vs 25 years (IQR 23) (p < 0.001, U-test, r = 0.25). Previous TBI was reported by 116 of the references. When comparing the LiSat-11 reference population with the study population, the distribution of women and men was similar. The mean age of the LiSat-11 references was unknown.
Rivermead Post-Concussion Symptoms Questionnaire and back pain
The scores for all symptoms on the RPQ in women and men, with the addition of back pain, are shown in Table II . Women had a significantly higher median RPQ score than men: 13 (IQR 21) vs 6 (IQR 16) (p = 0.006, U-test, r = 0.22). PCS according to the ICD-10 was found in 50% of the women and 30% of the men (p = 0.008). When comparing presence of symptoms (score 2-4), the share of women who exhibited symptoms of headache, dizziness, nausea/vomiting, noise sensitivity, fatigue, feelings of depression, and taking longer to think were significantly higher than the share of men claiming to have those symptoms (Table III) . Feelings of depression were reported by 41% of the women and 22% of the men among the patients, but only by 5% and 4% among the references. In the reference group, fewer differences between women and men were found (Table III) . Presence of almost all RPQ symptoms was significantly more frequent in the MTBI group than in the reference group (Table  III) . The median RPQ score was higher among the patients of this study than among the references: 9 (IQR 18) vs 2 (IQR 5) (p< 0.001, U-test, r = 0.31). This was also true for women: 13 (IQR 21) vs 3 (IQR 6) (p< 0.001, U-test, r = 0.26) and The symptoms with the highest difference of occurrence between the patients and the references in women were: headache, poor concentration, and feeling depressed, whereas in men the affective symptoms feeling frustrated and irritability accompanied headache and poor memory. Neck pain (score 2-4) was found in 37%, lumbar back pain in 28%, and thoracic back pain in 24% of the patients. Women reported these symptoms significantly more frequently than men (Table III) . Women also had a significantly higher median back pain score than men: 3 (IQR 6) vs 1 (IQR 4) (p = 0.015, U-test, r = 0.19).
Rivermead Head Injury Follow-Up Questionnaire
Presence of any disability was reported by 52% of the women and 37% of the men. The most frequently reported disability items were tiredness at work (23%), difficulty in sustaining previous workload (18%), and difficulty in ability to enjoy previous leisure activities (18%). Women had a significantly higher median RHFUQ score than men: 2 (IQR 11) vs 0 (IQR 4) (p = 0.040, U-test, r = 0.16). Women scored higher on all disability items, however, only significantly higher on 3 items: conversation with 2 or more people, tiredness at work, and family expectations (Table IV) .
LiSat-11
For most items, the proportion of persons indicating satisfied or very satisfied on the LiSat-11 was significantly lower in the MTBI-group compared with the reference population. Exceptions were partner relationship and family life, where no significant differences were found (Table V) . Fifty-seven percent of the women and 56% of the men were satisfied with their life as a whole. There were no significant differences in (Fig. 2) .
Principal component analysis
In women, we found 3 significant components (eigenvalues 8.0, 1.5 and 1.1) explaining 50 + 10 + 7=66% of the total variance and in men 2 significant components (eigenvalues 8.0 and 1.7) explaining 50 + 11 = 61% of the total variance. In both women and men, all symptoms of the RPQ highly contributed to component 1, and those symptoms that also highly contributed to component 2 were mainly vision-related symptoms, whereas, for example, frustration and restlessness were low contributors. Differences between women and men existed; for example, noise sensitivity and headache were slightly more prominent symptoms on component 1 in men, while noise sensitivity and poor memory scored high in women but not in men on component 2 (Fig. 3 ). To reach a 1-component solution in men, the 3 vision-related symptoms plus dizziness, nausea/vomiting, and sleep disturbance had to be excluded. To reach a 2-component solution in women, the vision-related symptoms had to be removed, and to further reach a 1-factor solution, noise sensitivity also had to be eliminated.
The first component was a strong indicator for PCS and when graphically investigating the importance of the first and second components for the outcome (disability and life satisfaction), the first component, but not the second, indicated whether the patients had an unfavourable outcome (Fig. 4) . Women and men did not differ in this matter. In conclusion, vision-related factors and other factors scoring high on the second component are of less importance for disability and life satisfaction than are the other RPQ symptoms. The first component in women and men also predicted worse outcome in the multiple logistic regressions (Table VI) .
Multiple logistic regression analysis
The multiple logistic regression analysis is summarized in Table VI . This revealed some possible risk factors for having any disability, as measured with RHFUQ, or life satisfaction less than the median, as measured with LiSat-11: • significant risk factors for disability in women were being injured in traffic, having a high first component score of the RPQ, and having a high back pain score. • significant risk factors for disability in men were having a high first component score of the RPQ and having a high back pain score.
• significant risk factors for impaired life satisfaction for both genders were living alone and having a high first component score of the RPQ. 
DISCUSSION
The present study addresses long-term consequences after MTBI. Similar studies have been conducted previously, but not presented from a gender-perspective. It is important to recognize and study differences between women and men because this might lead to future development of separate management strategies for the different sexes following MTBI. The main findings were that significant unfavourable outcome for women For every 1-point increase in RPQ: female component 1, the women had 1.2 times higher odds of having disability. d For every 1-point increase in the mean back pain score, the women had 1.3 times higher odds of having disability.
e Women living alone had 7.1 times the odds of having a life satisfaction below median than those who lived with someone. f For every 1-point increase in RPQ: female component 1, the women had 1.2 times higher odds of having a life satisfaction below median. g For every 1-point increase in RPQ: male component 1, the men had 1.1 times higher odds of having disability. h For every 1-point increase in the mean back pain score, the men had 1.7 times higher odds of having disability. in comparison with men was found in the total RPQ score, back pain score, and RHFUQ score, but not in the LiSat-11 score reported 3 years post-MTBI. The MTBI group reported higher prevalence of symptoms and lower life satisfaction compared with the reference groups. PCS was found in 50% of the women and 30% of the men. Disability was found in 52% of the women and 37% of the men and satisfaction with life as a whole was found in 57% of the women and 56% of the men. In the PCA, the structure of RPQ differed between women and men, thus giving different numbers of components. In the multiple regression analysis, living alone or having a high value on the first RPQ-component were the most significant risk factors for low life satisfaction regardless of gender. Having a high value on the first RPQ component or a high back pain score were the most significant risk factors for disability in women and men.
Regarding sex differences, the general impression from our cohort is that females had more symptoms and disability compared with males, although significance was reached in only 3 of 10 RHFUQ items and 6 of 16 RPQ items. Effect sizes were small. Long-term evaluations of sex-specific outcome after MTBI have been conducted previously and the females appear to be at risk of unfavourable outcome in most studies. Regarding outcome 3 months post-MTBI, Bazarian et al. (10) concluded that adult females are at greater risk than males for having a high RPQ score. Several other studies support that females are at greater risk for adverse outcome (7, 22, 23) . There are, however, also studies in which no sex differences are found (13, (24) (25) (26) . Bay et al. (11) noted more depression, stress and symptoms in women up to 6 months after mild and moderate TBI. After 12 months, no sex differences remained. In the RPQ-items dizziness, noise sensitivity, fatigue, and feeling frustrated we found sex differences to be significant among the references. This is important to be aware of because it suggests that at least some differences found in our cohort could be normal rather than a result of MTBI.
Post-concussion symptoms were frequently reported. The 3 most prominent symptoms in women were headache (50%), fatigue (47%), and feeling depressed (41%); whereas in men, fatigue (30%), poor memory (27%), and headache/sleep disturbance/poor concentration (25%) were most common. Lannsjö et al. (27) investigated the prevalence of symptoms reported by 2,523 Swedes at 3 months post-MTBI. They found that fatigue (23%), headache (22%), dizziness (16%), and poor memory (16%) were the most commonly reported symptoms (27) . Their figures were clearly lower than ours; however, they included children over the age of 6 years and elderly persons over 65 years of age, thus comparison is difficult. In other studies, the prevalence of the most commonly reported symptoms varies between 12% and 63% (7, 9, 24, 26, 28, 29) . When synthesized, other studies report the following symptoms to be most common: 1, headache; 2, fatigue; 3, dizziness; 4, poor memory; 5, poor concentration; 6, irritability; and 7, sleep disturbance (7, 9, 24, 26, 27, 29) .
The frequencies of PCS were within the span of previous findings (24, 26, 28, 30) .
Presence of any disability was more common in women than in men. The answers to the RHFUQ revealed that tiredness at work, leisure activities, and workload were the domains where women and men most frequently reported problems. In both genders, a high frequency of RPQ symptoms predicted disability. Unfortunately, disability was not assessed in the reference population, thus it is difficult to evaluate the importance of the MTBI to the disability. Other studies have shown frequencies of disability using various measurements between < 10% and approximately 50% of the patients (7, 9, 22, (29) (30) (31) . The association that more symptoms give more disability has also previously been shown (7, 30) .
The patients of the present study had significantly lower life satisfaction on most of the LiSat-11 items compared with the references. Similar results on LiSat-11 from our area were found by Stålnacke et al. (31) . Petchprapai et al. (32) in a review found the literature on quality of life (QoL) to be inconclusive; however, several studies have found MTBI patients to have adverse outcome on various measures of QoL (17, 33) . The finding of no differences between women and men regarding life satisfaction, despite the fact that women had more symptoms and disability than men, were interesting. It might suggest that women and men have different patterns in translating symptoms and disability to life satisfaction.
The frequencies of back pain seem to correspond with previous studies (34, 35) and back pain was associated with disability. As previously suggested by Zhang et al. (17) , if chronic back pain in MTBI patients leads to impaired life satisfaction, then treatment for back pain should be given. Previous PCA, factor analysis, and Rasch analysis have found multiple factor-solutions when analysing the RPQ (27, 30, (36) (37) (38) . Our PCA showed different number of components in women and men. On the other hand, with a few exceptions, both genders had similar distributions of the RPQ symptoms when graphically examined. Lannsjö et al. (36) concluded that sex did not affect their results. We conclude that the issue needs further clarification and we suggest that future factor analysis within the field of MTBI should be conducted separately on women and men. This study's strength is that it covers symptoms, disability and life satisfaction in women and men from a defined population seeking medical attention for MTBI during a 1-year period at the only hospital within a 100 km radius. Given these circumstances, we can describe the burden and consequences of hospital-registered MTBI with accuracy in our community. The major disadvantage of this type of cohort study, however, is it does not catch the 30-40% of MTBI cases not seen at the ED (3). It is reasonable to believe that persons not seeking medical attention because of their MTBI have less severe injuries and/ or are less worried about their injuries than the others. This would create a selection bias that theoretically might enhance the frequency of symptoms and disability being reported.
Men had more LOC and less education than women. However, LOC is not considered an important risk factor for outcome after MTBI (7, 25) , and both LOC and education were included in the multiple regression analysis and thereby controlled for. We did, however, not control for PTSD, which has been reported to be an important confounding factor (39) .
Do symptoms like those in the RPQ reflect MTBI? Questions have been raised about their specificity. A review by Fayol et al. (39) states that PCS is reported in healthy subjects, general trauma patients, psychiatric patients, neurology patients, pain patients, patients with minor medical issues, and insurance claimants. Overestimation of the pre-injury health status along with symptom over-endorsement can also bias the results of questionnaires (40) . It is also possible that life events during the 3-year follow-up influenced the answers to the questionnaires. However, we clearly show that our MTBI patients are bothered by more symptoms and have lower life satisfaction than the reference groups. Because we simultaneously analysed RPQ, RHFUQ, and LiSat-11, causal conclusions cannot be made.
In conclusion, this study of sex differences in late outcome following MTBI shows that symptoms, structure of symptoms, disability, and risk factors for adverse outcome differs between women and men. These aspects should be considered in future studies of MTBI. As much as 50% of the women and 30% of the men met the definition of PCS 3 years post-injury and almost all symptoms were reported more frequently in our cohort than in a reference population. Life satisfaction was also inferior in comparison with references. A high frequency of symptoms was independently associated with worse outcome in terms of disability and life satisfaction. These aspects need to be taken into consideration in the management of patients with MTBI.
